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The various isothermal and photolytic decomposition stages of a~aluminum hydride have been
examined by scanning electron microscopy. The pristine material consists of cuboids, 50-100 um on a
side, some of which are contact or interpenetrating twins. The interpenetrating twin axis appears to be
the [001] body diagonal of the cuboids. The cuboids’ surface, which has been chemically treated to
promote thermal stability, contains faceted pits whose sides lie along close-packed directions. The pit
interiors show evidence of layering. During the thermal induction period, patches containing acicular
filaments, each ~0.005 um in diameter and ~0.3 um in length, of Al-metal are formed and are
dispersed randomly on the internal crystal surfaces. During the acceleratory period, a large number of
additional patches appear in which some of the filaments cluster together to form small clumps. The
acicular filaments in all patches thicken and increase slightly in length as the reaction proceeds. Later
in the acceleratory period, bubbles (0.2 to 3.5 um in diameter) appear. The bubbles are randomly
distributed throughout the cuboid and produce isolated volumes (~2 to 7 um in diameter) of partially
reacted AlH, Eventually, the filaments spread over the entire internal substructure of the cuboid.
However, although completely decomposed, the cuboid remains intact. Preexposure to 1.0 x 10° R
®Co y rays blackens the surface and produces a “‘rougher’” external surface with some densely
decomposed patches and many more filaments. Additional patches containing denser clusters of
acicular nuclei were observed in the surface after uv photolysis at room temperature and at 150°C. At
150°C delamination of the surface layer occasionally occurs in the coirradiated material. The increased
number of nuclei formed by preirradiation and uv photolysis confirm kinetic studies which postulate
the presence of additional nuclei formed by the irradiation.

Introduction

This investigation on the effects observed
microscopically during isothermal decom-
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position is directed toward understanding
the chemical processes influencing the re-
activity of a-aluminum hydride (AlH,). o-
AlH 3is chemically stable at room tempera-
ture. However, some evidence is
forthcoming that it ages slowly over a pe-
riod of several years (/). The powder
evolves hydrogen irreversibly without
melting when isothermally decomposed in
vacuo between 100 and 150°C (2). These
decomposition Kinetic studies suggest that
the reaction

AlHy(s) — Al(s) + 3 Hy(g)
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develops by a process involving the forma-
tion, growth, and ingestion of heteroge-
neous nuclei (/). The location of the initial
sites for decomposition often depends on
solid-state defects on or just below the
crystal surface (e.g., points where disloca-
tions emerge on the surface (3)). This study
attempts to identify the nature of the de-
composition nucleus and whether the nu-
clei form at specific locations and grow
along specific directions during decomposi-
tion.

In isothermal kinetic studies involving
the evolution of hydrogen gas as a function
of time the fractional decomposition « =
p(t)/p;, where p(t) is the pressure at time, ¢,
and, p;, the final pressure, can be related to
a series of mathematical equations describ-
ing nucleation formation and growth (4-6).
However, the application of a suitable
equation and its degree of fit alone is
insufficient to justify the assignment of a
specific type of mechanism to the overall
process unless supported by other, inde-
pendent evidence, e.g., microscopy, elec-
trical conductivity data, etc. The purpose
of this report is to seek supportive evidence
for the use of the specific kinetic equations
that were found applicable to the thermal
decomposition curves for a-AlH, (I, 2).
These equations imply random nucleation
proceeding from discrete nuclei (with or
without slow growth) followed by nuclei
overlap and the formation of a contiguous
interfacial area which decreases over the
decay stage.

To date, the only available report in the
literature concerning microscopic evidence
of the thermal decomposition is one on
polycrystalline AIHg powder (7). The au-
thors state that the thermal decomposition
reaction nucleates predominantly at a face
of the crystal and then the reaction front
moves along the ‘‘¢’’ axis direction. Exam-
ination of the crystal at various stages was
not discussed and results were not pre-
sented on the nature of the nuclei, the
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reaction interface, or the effect of photo-
Iytic or radiation-induced decomposition.

Thus we have undertaken a detailed and
systematic microscopic study of the events
occurring during the isothermal decomposi-
tion of a-AlH 3 powder in vacuo. Also, the
effects of y-ray preirradiation on the subse-
quent thermal decomposition and the ef-
fects of photolytic decomposition at tem-
peratures ranging from ambient to 150°C on
the decomposition process were examined.
Although the samples were examined opti-
cally in many instances, this report will
emphasize particularly the scanning elec-
tron microscope evidence.

Experimental

Material

The o-AlH, powder used in this study
was obtained from Dr. R. H. Wiswall, Jr.
and J. J. Reilly, Department of Molecular
Sciences, Brookhaven National Labora-
tory. This powder corresponds to a-AlH,
(pattern 1451) manufactured by the Dow
Chemical Company, Midland, Michigan.
Details of the synthesis of this material are
provided in Ref. (11). The powder has been
characterized by Turley and Rinn (8). The
material was found to crystallize in the
trigonal space group R3c, with six mole-
cules in a hexagonal unit cell of dimensions
a =4.449 A, c = 11.804 A. X-Ray diffrac-
tion data obtained using an Enraf-Nonius
CAD 4 diffractometer with CuK, radiation
confirmed the space group and unit cell
dimensions of a = 4.455(8) A, c = 11.831)
A were found using 16 reflections. X-Ray
powder patterns using CuK,, normalized
to the peak of maximum intensity, show a
1:1 correspondence to those previously
reported (8).

The powder consists of minute cuboids,
light gray in color, with side lengths 50-100
um (see Plate la). The material was stored
in the dark over anhydrous calcium sulfate
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prior to use. All handling procedures were
carried out in dry air. The percentage purity
of the material has been reported (9) to be
95-98 wt%. The percentage decomposition
of a 60-mg sample decomposed to a = 1
was found to be 97% as determined from
weight-loss measurements using a Perkin-
Elmer Am-1 autobalance. A mass spectro-
metric study of the gaseous products
evolved under continuous heating indicated
trace quantities of CO,, H,0, N,, and O,.

Apparatus

The specimens examined in this study
were obtained after pretreatment in a high-
vacuum Pyrex-glass photolysis apparatus
similar in design to those reported earlier
(10). The photolysis sample was confined
to a sample container consisting of two 1-
in. square fused silica flats, 2 mm thick,
fused together along the edges. The top flat
had a l-cm-diameter hole drilled in the
center of it to contain the sample. An
lonization gauge was used to monitor the
background pressures and pressures during
pumpdown. The gas pressures evolved
during the experiment were recorded in a 4-
liter volume containing a liquid nitrogen
trap on a Baratron differential microma-
nometer (MKS Instruments Type 77), with
the reference side pumped continuously.

In addition to photolysis, the present
system is capable of running simultaneous
isothermal and photolysis decompositions
above room temperature. This capability
was accomplished by surrounding the en-
tire reaction tube by a small furnace con-
trolled to +0.3°C.

Procedure

The tared samples for decomposition
were placed directly onto the quartz sample
holder and after insertion into the system,
were pumped overnight (12—-16 hr) with a
background pressure ~1.2-4.0 x 1077 Pa.
The outgassing rate of the isolated
sample /system was 0.0010 Pa/min. The
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specimen temperature never exceeded 26°C
during the room-temperature photolysis
runs.

All procedures for coirradiation were the
same as above except that the furnace
temperature was preset and allowed to
equilibrate overnight. When a decomposi-
tion run commenced, a few minutes were
required to allow the sample to reach ther-
mal equilibrium but the light remained on
and the pressure was monitored continu-
ously.

Pressure data were recorded continu-
ously on a Hewlett—Packard Strip Chart
recorder and digitized every minute from
the recorder output. Samples were encap-
sulated in evacuated (~10~3 Torr) quartz
ampoules for vy-ray irradiation, The am-
poules were wrapped in aluminum foii (to
make them light tight) and irradiated at
ambient temperatures with Co y rays (1.1
and 1.3 MeV) in the spent-fuel facility at
Brookhaven National Laboratory. The y-
ray dose rates were 5.5 x 104, 1.2 x 108,
and 5.3 x 10° R/hr. After gold coating the
specimens were examined by an AMR
scanning electron microscope with EDAX
capability.

Results

The major results are in the pictures and
captions contained in Plates 1-3. In order
to demonstrate how the isothermal decom-
position proceeds as a function of time the
principal observations will be described in
the order they appear with time, on pris-
tine, unreacted material. The various de-
composition stages will be described up to
the final product formation with any special
effects mentioned where they are encoun-
tered. Significant effects observed on the
material will be included for specimens, (i)
photolyzed at room temperature, (ii) coirra-
diated at 150°C, and (iii) preexposed to a 1.0
x 10%R vy-ray dose followed by photolysis.
Figure 1 contains the fractional decomposi-
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F1G. 1. Fractional decomposition, «, vs time curves
for the decomposition of «-AlHg powder. This plot
illustrates the effect of isothermal decomposition at
140°C, uv photolysis at room temperature, and coirra-
diation (uv photolysis and thermal decomposition) at
150°C. Also shown is the effect of exposing the mate-
rial to a 1.0 x 10* R ®Co y-ray dose prior to the
coirradiated decomposition at 150°C. The arrows refer
to the photographs in Plates 2 and 3.

tion vs time curves for a-AlH; powder
subjected to the various treatments and the
times at which the various specimens repre-
sented in the plates were removed from the
decomposition process. As a convenient
reference, the arrows indicate the time and
the corresponding plate number and letter.

Pristine Material

Prior to decomposition, the powder was
of uniform particle size, cuboid in shape
(Plate 1a), and contained several interpene-
trating and contact twins of varying com-
plexity. These cuboids appeared to be cov-
ered with a thin protective sheath of
specially treated aluminum hydride (/2),
which contained deep, faceted pits and
fissures in parts (Plates 1b, ¢). These were
formed presumably during the synthesis of
material. Apparently, during the synthesis
and the protective-layer-formation proce-
dure, minute traces of hydrocarbons have
been incorporated into available surfaces.
These carbon compounds are a possible
source for the traces of CO4observed in the
mass spectrometric analysis of the product
gases. EDAX analysis of the cuboids indi-
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PLATE 1. Scanning electron micrographs of pristine
a-AlHg powder. (a) Overall view of the a-AlHj; cu-
boids: side lengths ~50-100 um. Notice the variety of
surface detail as well as the presence of several
contact and interpenetration twinned crystals. (b)
Close-up of a typical cuboid showing the presence of
several surface pits. The remainder of the surface has
a smooth, even appearance. The pits contain steps and
layers. (c) Close-up detail of a typical surface pit
showing the interior layer-like structure. Also, smail
sphere-like particles (0.05-0.4 um in diameter) are
shown adhering to all surfaces. (d) A simple, interpen-
etrating twinned cuboid crystal. Most twinned cuboids
were considerably more complex than this example.
(e) A drawing of an idealized penetration on twin with
twin axis [001]. The twinned crystal (shaded) has been
oriented to compare with (d). Also shown are the edge
directions and habit faces of the cuboids determined
from single-crystal X-ray analysis.

cated that aluminum was the only element
of detectable concentration in the material.

The direction of the pits’ sides on the
surface were determined where possible. A
typical series of the more commonly occur-
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FiG. 2. The orientation of the more prominent pit
edges on the (113) surface of the pristine cuboids
shown in Plates 1b and c. This figure also illustrates
some of the other close-packed directions occurring on
the surface (lower left). Occasionally surface pits are
observed with edges aligned along these directions.

ring directions are shown in Fig. 2. The
pits’ sides are almost always aligned along
one of these directions. Occasionally, more
unustal directions were observed and these
are also illustrated in Fig. 2 (lower left
corner), where they can be seen superim-
posed on an aluminum atom sublattice for
the (113) plane which is a typical cuboid
habit surface.

A layered structure was observed, Plate
1c, within the pits and fissures. These lay-
ered steps continue down to the lowest
recesses of the pits and appear uniformly
spaced and parallel to the upper external
edge. This suggests a layered type of
growth or a cyclic growth process for the
formation of the cuboid. This two-dimen-
sional layered morphology apparently is
significant in the decomposition kinetics
(1). The exposed inner layers are also cov-
ered by the protective sheath, except that it
appears to be thinner on their surfaces than
on the exterior.

As mentioned above, there is ample evi-
dence of a large number of twinned crystals
in the cuboids. A simple example of an
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interpenetration-twinned cuboid is shown
in Plate 1d together with an illustration,
Plate le, which represents the interpene-
trating twin rotated to the correct angle to
correspond with the photograph. The twin
axis is the ¢, or [001] direction, the body
diagonal of the cuboid. The twin cuboid is
shaded to facilitate recognition. Also
shown in Plate le are the [001] orientation
and the surface planes which were deter-
mined from single-crystal X-ray analysis
using Cuk, radiation. The [001] direction
is along the cube diagonal and the habit
faces are (113), (123), and (213), respec-
tively.

The thermal decomposition of this mate-
rial in vacuo at 140°C produces sigmoidally
shaped, « vs time curves which have been
analyzed kinetically into an induction pe-
riod (a period corresponding to nuclei for-
mation, up to « = 0.1), followed by an
acceleratory period (corresponding to a nu-
clei growth period) and, after reaching the
maximum rate, a decay period (correspond-
ing to a stage involving a contracting
reactant /product interface). The following
paragraphs will describe the SEM observa-
tions occurring during these periods, in
sequence.

Rough surface patches are observed oc-
casionally during the induction period
(Plate 2a). These patches appear to be
sparsely scattered over the surface and on
the sides of the interior of the pits and
fissures (Plate 2b). This indicative of sur-
face layer subsidence to expose the reacted
area beneath. The subsidence could arise
from subsurface contraction of the reaction
product interface as the product forms and
collapses. These patches were found in
increasing number during the induction pe-
riod (up to 25 min at 140°C). The patches
contain finely divided acicular filaments of
aluminum metal (Plate 2c¢). Apparently,
subsurface decomposition generates these
filaments and they become visible where
areas of the subsurface are exposed. At this
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PLATE 2. Scanning electron micrographs of a-AlH4
powder during various stages of thermal decomposi-
tion at 140°C in vacuo. (a) 15 min (during the induction
period)—close-up of a rough, surface patch showing
the fine structure consisting of acicular filaments ap-
proximately 0.1 um in length. These are present in
some regions of the cuboids prior to decomposition
where they appear to be even smaller in size. (b) 25
min (end of induction period)—close-up of a surface
pit showing two small patches of fine filamentary
crystals (upper center). These regions containing acic-
ular crystals are also found in cracks and fissures
originating at the surface. (¢) 25 min—close-up detail
of upper patch in (b) above. Note the cylindrical
nature of the filaments and their separateness. Appar-
ently they form randomly below the surface and grow
preferentially along one direction (possibly the [001]).
They appear to have collapsed into a mixed heap
within the patch. (d) 30 min—close up of small irregu-
larly shaped particles (0.3-0.9 um across) adhering to
surface. These appear to be clusters of aggregated
acicular crystals. (e¢) 60 min—maximum magnification
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stage the filaments are elongated ellip-
soids, ~0.005 um in diameter and 0.1 um in
length, and are dispersed in a random man-
ner within the subsurface patch. At the
patch /unreacted-solid interface the fila-
ments appear to decrease in size toward the
interior of the crystal but a sharp interface
was not observed (within the resolution of
the microscope). The filaments continue to
decrease in size toward the unreacted ma-
trix. Also it is important to note that the
filaments can be found dispersed occa-
sionally in some parts of unreacted, pristine
material. As will be shown from both the
kinetic studies (/) and the uv photolysis
experiments reported below, exposure to
uv light will induce decomposition. Pre-
sumably these areas in the pristine material
have aged (decomposed) on prolonged stor-
age; the presence of the filament nuclei
suggests that the aging process is probably
a slow photolysis. During thermal decom-
position these patches were usually not
found on the protected external surface or
even at the intersection of the penetrating
twin faces but frequently are in the inner
surfaces of the pits and fissures. The pro-
tected external surface remains as a ‘‘co-
coon’’ throughout the entire decomposition
process and very rarely shows evidence of
decomposition, though it does fracture oc-
casionally toward the end of the reaction.
This permits the cuboid to retain its overall

of filaments. An EDAX scan of this material indicates
only the presence of aluminum. (f) 60 min—collapse of
a local surface region showing decomposed material
underneath the protective surface. (g) 120 min—gas
bubbles visible just beneath surface. These bubbles
vary in size from 0.2 to 3.5 um (at this stage of the
decomposition) and appear uniformly scattered
throughout the crystal. (h) 145 min—degradation of
cuboid edges and corners. This does not differ
significantly from samples examined at times greater
than 145 minutes, i.e., the degradation appears to be
caused by the collapse of the internal substructure and
probably by removal of the bubbles and is not directly
related to the decomposition time sequence.
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shape even as the filamentary decomposi-
tion process continues internally.

As the isothermal decomposition process
enters the acceleratory period (Plate 2d),
small clusters of aggregated lumps of fila-
ments appear on the reacted surfaces.
These aggregatres are approximately
spherical in shape and appear to adhere to
the surface where the filaments are found.
Plate 2e shows a typical aggregate lying
inside a naturally occurring hole in a sur-
face. The reason for the formation of these
clusters has not been determined; possibly
they are lumps of partially reacted or oxy-
gen-coated material which have loosened
and fallen away from the surface. EDAX
scans of these areas indicate that aluminum
is the only detectable metal present in the
aggregate.

After heating for 60 min, the filaments
themselves appear to thicken and increase
in length (Plate 2e). It would appear that, in
addition to their formation in the decompo-
sition process, some mechanism exists for
these filaments to grow slightly in size. It
has not been determined whether they grow
within the patch or are formed in the host
material, grow and ultimately collapse into
the patch. However, the number of fila-
ments (and patches) increases markedly as
the reaction proceeds. These patches are
randomly distributed throughout the crystal
and contain varying sizes of filaments. As
the reaction continues in the acceleratory
period, large gas bubbles (voids) appear in
the cuboid. Plate 2g shows evidence of
these bubbles located just below the sur-
face after heating for 120 min. These bub-
bles vary in diameter from 0.2 to 3.5 um
and appear uniformly distributed through-
out the cuboid. Eventually the internal sub-

structure collapses in parts, leaving a finely
divided filamentary cuboid with an almost -

continuous shell. Degradation of the cuboid
edges and corners are evident (Plate 2h),
possibly due to the collapse of the internal
substructure, and the removal of the bub-
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bles. This morphology does not differ
significantly from that of samples examined
at longer decomposition times. Within the
completely reacted cuboid, subparticles re-
main consisting of aggregated filamentary
blocks or volumes ranging in diameter from
0.2 to 3.5 um.

The effects induced by subjecting this
material to various pretreatments are illus-
trated in Plate 3. These include the effects
of exposure to a 1.0 x 10°R dose of #°Co -
rays, material uv photolysed at room tem-
perature, and the effects of simultaneous
thermal and uv decomposition at 150°C.

The material is blackened by #Co y-ray
doses above 1.0 x 10® R. This blackening
appears to have little effect on the SEM
pictures which closely resemble those for
the pristine material. However, the imme-
diate external surface does appear to be
much rougher and contains a few patches of
the filaments. It is proposed that the black-
ening of the surface is associated with the
formation of the surface ‘‘roughness’’ of
finely divided intermeshed filaments—
which has the appearance of a finely di-
vided metal (black). The decomposition
process at 150°C is markedly accelerated by
the presence of these additional small fila-
ments (see Fig. 1a). However, the decom-
position sequences do not differ
significantly from those observed in pristine
material except that more filaments are
present and each stage occurs more rap-
idly.

After uv photolysis at room temperature
into the linear rate region (Fig. 1d) the
surface of the cuboids appears to be silver
colored. Again, surface patches are visible
and these contain multitudes of fine fila-
ments, approximately 0.03 um in diameter.
These are similar to the thermal decomposi-
tion product (Plate 3b). Also the surface
contains several regions in which the nee-
dles appear to have formed aggregates
(Plate 3c). The silvery appearance of the
photolysed surface may be due to denser
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PLATE 3. Scanning electron micrographs of 1.0 x 10° R ®Co y-ray irradiated, uv photolyzed and uv
coirradiated at 150°C, a-AlH; powder samples. (a) 1.0 x 10° R ®Co y-ray irradiated—The surface
appears black under room light and SEM revealed a generally rougher surface. This picture illustrates
a typical surface patch formed after irradiation prior to thermal decomposition. (b) uv photolysis—370
min of exposure to intense uv light in vacuo at room temperature. The cuboids appear silvery under
room light. A close-up of a surface patch showing a multitude of fine needles (similar to the thermal
decomposition product) is pictured here. This strongly suggests that the acicular crystals are formed as
a result of decomposition and probably are the decomposition nuclei. (c) Same conditions as (b)—an
example of another surface patch showing a considerably rougher texture. This region may have
formed by aggregation of the needles. (d) 60 min of uv coirradiated decomposition at 150°C (I = 67 mW
cm™%)—Note the coarser structure of the product nuclei. This may be due to a synergistic uv—thermal
effect. (e¢) Same conditions as (d)—an instance of surface delamination indicating the lack of
cohesiveness of the surface layer as the decomposition proeeds and its imperviousness during

decomposition.

patches of metal nuclei. One additional
effect which is observed in the coirradiated
crystals is that the protective surface layer
delaminates in some sections (Plate 3e).
This indicates that, as the subsurface reac-
tion proceeds, a lack of cohesiveness
results between the surface layer and the
decomposition product. It is also an indica-
tion of the imperviousness of this layer
throughout the entire decomposition.
Simultaneous thermal and photolytic de-
composition at 150°C produced surface
patches that have given the clearest picture
to date of the needle-like substructure
within a patch (Plate 3d). The filaments
appear to be thicker (diameter ~0.05 um)
than at the beginning of the reaction

(diameter ~0.005-0.02 um). However, it
was not possible to attribute this additional
increase in thickness solely to the coirradia-
tion effect. Also it would appear that, at this
magnification (~x 15,000), the sides of
some of the needles appear faceted, but
details are not resolvable.

Discussion

The observations described above on the
pristine and thermally and uv-decomposed
a-AlH ; are relevant to the respective de-
composition kinetic studies. These obser-
vations can be grouped into three catego-
ries; viz., pristine material, thermally
decomposed material, and material sub-
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jected to various irradiations. For pristine
material, the significance of the outer coat-
ing is obvious. It is impervious to air and
water vapor and, to a large degree, to
ambient thermal effects. Aging similar to
partial exposure to light has occurred over
several years of storage and has induced
areas of decomposition in the material as
indicated by the presence of the acicular
filaments in some regions prior to decompo-
sition. (Also the material is gray in color; on
synthesis, it was reported to be white (/7).
Furthermore, the presence of the large
number of twinned crystals may be ex-
plained by examining the R3c trigonal
space-group packing of the unit cell. An
infinite number of interpenetration cube
twins can be obtained with the [001] direc-
tion as a twin axis. Also the columns and
rotating spirals of the Al and H atoms in the
unit cell easily lend themselves to contact
twin formation and, on an atomic scale, to a
columnar-type nucleus. Interestingly, evi-
dence could not be found for increased
reactivity at the intersection of twin bound-
aries. The interior layered structure is of
great significance in defining the progress of
the thermal reaction through the solid.
These photographs of the layered structure
supply supportive evidence for the kinetic
analysis presently underway (/). These
results will be reported elsewhere. The
presence of the outer layer seems to do
little to hinder the thermal decomposition
process from occurring. The unit cell pack-
ing clearly shows the Al and H atom layers
and the growth of the crystal along these
directions is not unexpected. The edges of
the surface pits generally lie along close-
packed directions as is expected by their
growth during synthesis. It seems reason-
able that these directions should be impor-
tant in the propagation of the reaction into
the solid. The uniformity of the particle size
of the powder and of the acicular needles
underlies the reason why reproducibility of
these effects is so consistently excellent.
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The acicular needles of aluminum are
considered to be the product nuclei formed
in the thermal decomposition process.
From the present observations it appears
that the needles are formed randomly, in
large numbers, early in the decomposition,
probably via a process closely resembling
the formation of a latent image in the silver
halides (/3). These initial nuclei are likely
to be colloidal in dimensions as proposed
by Pimenov (/4) and their subsequent
growth depends on the topochemical nature
of their surroundings. Their final shape
suggests that one direction (possibly the
[001] as suggested by Mikhailov et al. (7)
dominates in the growth process. At least
two growth models can be proposed to
account for the final shape: (1) that unidi-
rectional growth dominates throughout the
whole growth process, or (2) that the unidi-
rectional growth is extremely rapid and
then is terminated (for example, as can
occur by growth between two layers) and
the slower growing directions then proceed
to thicken the needles as the reaction con-
tinues. This latter growth mechanism is
favored by the present observations. Pre-
sumably the large number of nuclei pre-
vents them from growing very large.

The aggregates of needles and partially
reacted lumps can be attributed to reactant
spalling off from regions on the surface as
the reaction proceeds into the crystal inte-
rior. These clusters appear on all the sur-
faces and are of varying sizes and shapes
(mostly spherical).

The presence of the bubbles (probably
containing hydrogen gas) in the later stages
of the decomposition, serves to break up
the crystal into smaller aggregated blocks.
This supports kinetic analysis evidence of a
contracting interface mechanism operating
in some type of (isolated) crystal volume.

Enhancement of the thermal decomposi-
tion kinetics by preexposure of the sample
to y-ray doses up to 1.0 x 10°~R seems
reasonably accounted for by the presence
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of the multitude of additional filaments
present in the sample after a 1.0 x 10%R
irradiation prior to decomposition. These
nuclei have been formed by the irradiation
and are present at ¢ = 0. At lower doses it
has been shown kinetically (/) that the
number or ‘‘size’’ of nuclei during the in-
duction period is a linear function of log ®.
(® = the y-ray dose.) The blackening of the
material (and presumably the surface cov-
erage by the filaments) does increase as the
dose increases up to 1.0 x 10° R.
Photolysis with uv light induces the same
type of decomposition as the thermal
process except the decomposition appears
to be confined to areas just below the
surface. Also, the filaments tend to aggre-
gate into a more condensed type of sub-
structure. This condensation or aggregation
of the needles may be due to the thermal
effects of the light on layers close to the
surface. This is a possible explanation for
the absence of an induction (and accelera-
tory) period in the photodecomposition
curves at room temperature. The number of
nuclei formed instantly in the surface layers
is so large (because of the lamp intensity)
that nuclei growth is minimal. At lower
lamp intensities at room temperature the
experimental curves do contain a slight
acceleratory period (/). The effects of si-
multaneous uv and thermal decomposition
are similar to the effects already described
except the needle-like nuclei appear to be
slightly thicker and larger. In all cases the
sites for formation of these nuclei are ran-
domly distributed. However, the observa-
tions are confined to layers on the exposed
surfaces or within the collapsed protective
sheath. Grinding of the powder showed
little evidence for the method of propaga-
tion of the reaction within the solid except
that the particles all contain acicular fila-
ments. The crystals do not cleave but ex-
hibited signs of conchoidal fracture. It is
likely that the growth of these filaments or
patches containing them will also occur in
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layers (as the growth of the crystal seems to
have followed a similar route). Solid state
defects and electron carriers are likely to be
involved in the energy transfer mechanisms
induced by the radiation.
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FiG. 3. A comparison of the lattice spacing of the c,
(001), face of Al metal and the ¢, (001), face of a-AlH 4
Notice, in particular, the increased separation be-
tween the Al atoms in the o-AlHj lattice at the
interface. This suggests that during decomposition, the
a-AlH, lattice has to shrink to accommodate the Al-
metal product. Presumably, this shrinkage would in-
duce stress at the product/reaction interface.
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The formation of aluminum metal in a
host aluminum hydride lattice obviously
involves contraction along an interface.
This is illustrated in Fig. 3 which shows the
lattice spacings between aluminum atoms
in the ¢, (001), face of aluminum metal and
ac, (001), face of a-AlH;. As can be clearly
seen, the interatomic distance between
atoms in the metal is less than in the
hydride. This would indicate that some
type of contraction occurs at the
reactant/product interface. This contrac-
tion could be such as to curve the interface
and allow the needles to form and ‘‘peel
off’ or spall-off as ellipsoids. The strain at
the interface would assist propagation of
the reaction, if dislocations, point defects,
voids, etc., were formed ahead of the inter-
face into the reactant. This strain may
assist the formation of the bubbles present
in the solid at the late stages of the decom-
position. This study clearly indicates that
the decomposition of a-AlH, is similar to
the many heterogeneous nucleation and
growth decomposition studies previously
reported (/4). These studies suggest that in
addition to dislocations and the solid-state
defects, electronic carriers and/or a
charge-transfer-type mechanism may be
operative in the decomposition. The role of
these carriers in the decomposition of a-
AlH, is currently being investigated and
will be reported elsewhere.
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